Effect of amino acid alterations in the tryptophan-binding site of the trp repressor.
Mutations in the tryptophan-binding site of the trp repressor have been generated using site-directed mutagenesis. The selection of sites for alteration was based on the three-dimensional x-ray crystallographic structure (Schevitz, R. W., Otwinowski, Z., Joachimiak, A., Lawson, C. L., and Sigler, P. B. (1985) Nature 317, 782-786). The changes generated include Thr-44 to Ala (T44A), Arg-54 to Leu (R54L), Arg-54 to Lys (R54K), Arg-84 to Leu (R84L), and Arg-84 to Lys (R84K). The mutant proteins were purified and characterized in detail for their binding properties. Both tryptophan and operator DNA affinities for all five mutants were decreased. The R84L, R54K, and R54L mutants exhibited increases in Kd for operator DNA relative to wild-type repressor ranging from approximately 10(3) to approximately 10(4), while R84K and T44A exhibited increases of 10- to 100-fold. This diminution in DNA binding activity derives at least in part from diminished affinity for tryptophan, although decreased affinity for nonspecific DNA was also observed for these mutant proteins. Tryptophan binding was not detectable by equilibrium dialysis for most of the mutant proteins, but this activity was measurable for several of the altered proteins by monitoring the fluorescence decrease associated with the displacement of 1-anilino-8-naphthalenesulfonate from the tryptophan-binding site (Chou, W.-Y., and Matthews, K. S. (1989) J. Biol. Chem. 264, 18314-18319). These measurements revealed that tryptophan bound to R84K, T44A, and R84L repressors with Kd values 1.5- to 13-fold higher than that for wild-type repressor. It was not possible to detect tryptophan binding to R54K and R54L even using the fluorescence assay. Circular dichroism spectra demonstrated that the mutants and the wild-type repressor possess similar secondary structural features. The results of this selected substitution in the tryptophan-binding site are readily interpreted based on the x-ray structural analysis.